Background: A departmental audit in March 2015 revealed significant mortality rate of 40% in blunt chest trauma patients (much greater than the global 25%). A study was thus planned to study morbidity and predictors of mortality in blunt chest trauma patients admitted to our hospital. Methods: This study was a prospective observational study of 139 patients with a history of blunt chest trauma between June 2015 and November 2015 after the Institutional Ethics Committee approval in April 2015. The sample size was calculated from the prevalence rate in our institute from the past medical records. Results: The morbidity factors following blunt chest injuries apart from pain were need for Intensive Care Unit stay, mechanical ventilation, and pneumonia/acute respiratory distress syndrome. Significant predictors of mortality in our study were SpO 2 <80 at the time of presentation, Glasgow coma scale ≤ 8, patients with four or more rib fractures, presence of associated head injury, Injury Severity Score >16, and need for mechanical ventilation. By calculating the likelihood ratios of each respiratory sign, a clinical score was devised. Conclusion: The modifiable factors affecting morbidity and mortality were identified. Mild to moderate chest injury due to blunt trauma is difficult to diagnose. The restoration of respiratory physiology has not only significant implications on recovery from chest injury but also all other injuries. It is our sincere hope that the score we have formulated will help reduce mortality and morbidity after further trials. 
IntRoductIon
A departmental audit of trauma patients revealed a mortality rate of 40% in blunt chest trauma patients far above the global 25%. The mortality in patients with missed chest injuries was 15.1% as compared to 7.6% in patients who had their injuries diagnosed during primary survey. An observational study was planned, so that we could identify modifiable causes of morbidity and mortality. The second objective was to assess the importance of specific respiratory signs that would help suspect, investigate, diagnose, and decide intervention in patients of blunt trauma by devising a clinical score. It was hypothesized this score would help reduce missed injuries and hence morbidity and mortality brought on due to the delay in their diagnosis. The score would have to be validated by a randomized controlled trial (RCT), which would be the second step of our endeavor to reduce current mortality rates.
Methods
The study was designed as a prospective observational study. All cases with blunt chest trauma either as a sole presentation or as a part of polytraumatic insults were included in the study as patients. All patients above 12 years of age were included in the study. Informed consent was taken from all who were included. Consent was taken from legal guardians of patients between 12 and 18 years of age . Penetrating chest injuries were excluded from the study. Patients were followed throughout their course in the ward. The data were entered into the Microsoft Excel spreadsheet and statistical analysis was done using measures of central tendencies. Incidence of pneumonia, need for mechanical ventilation, and need for intensive care were calculated. Chi-square test was used to assess significant predictors of mortality. For this, patients were divided into two groups depending on the presence or absence of parameters determining mortality. These parameters were selected from historical studies. Sensitivity and specificity of each respiratory clinical sign was calculated and likelihood ratio (LR) of each sign was derived. The LRs were used to formulate a clinical score.
Results
The most common mechanism of injury in blunt chest trauma patients was road traffic accidents. Seventy-seven of the 139 patients were injured in road traffic accidents, 38 by accidental fall. Sixteen patients were assault victims and eight sustained chest injuries by being victims of railway accidents.
All patients sustained rib fractures, but 77.6% (108) patients were found to have pneumothorax (68), hemothorax (34), and flail segment (6) . One patient had a diaphragmatic injury. The remaining 22.4% had isolated rib fractures only. When the number of rib fractures in a patient of chest trauma was ≥4, there was a statistically significant increase in mortality (P = 0.002).
No esophageal, tracheobronchial, cardiac, or aortic injuries were seen during this period. One patient had a thoracic vertebral fracture with paraplegia and another had a scapular fracture. Some patients of chest trauma also had injury to other systems. Head injuries were found in 22.3% (31) patients. Ten (7.1%) patients had concomitant blunt abdominal injury and 9.3% (13) patients suffered musculoskeletal trauma to the extremities. The presence of concomitant head injury significantly contributed to mortality in patients of blunt chest trauma [ Table 1 ].
Morbidity
Morbidity was studied in terms of pneumonia, need for mechanical ventilation, and intensive care. The incidence of pneumonia was high at 17.2% (24), 9.4% (41) patients needed intensive care, and 22.3% (31) needed mechanical ventilation. Overall, the incidence of morbidity was 30.2%. Pain is an unavoidable complication of any trauma. However, it is modifiable cause of morbidity. Pain was studied from the purview of the most effective method of pain relief in blunt chest trauma as all patients would experience it.
Oral analgesia, intravenous (IV) analgesia, and epidural analgesia were the methods used. Twenty-five patients were given epidural analgesia. These were patients who had persistent pain despite oral and/or IV analgesia or patients who had a flail segment. Of six patients with a flail segment, three patients were preemptively given epidural analgesia after the first bolus of IV analgesic. The epidural analgesia brought down the number of days the patients spent on the ventilator by half (2.5 vs. 5.38) [ Table 2 ].
It also reduced the incidence of pneumonia significantly (8% vs. 17%) [ Table 3 ].
Mortality
All patients who succumbed to their injuries were specifically divided into two groups on the basis of the presence or absence of certain signs (pulse >110, SpO 2 >80%, Glasgow coma scale [GCS] ≤8), score (Injury Severity Score [ISS] >16), positive finding on investigations (rib #>4, presence of head injury on computed tomography [CT]), additional systemic injury, and need for mechanical ventilation. With the exception of abdominal or extremity injury, all other parameters were found to contribute significantly to mortality [ Table 4 ].
To formulate a clinical score using established respiratory signs, the sensitivity and specificity of each sign was calculated. Thereafter, the LR of each sign was derived from sensitivity and specificity [ Table 5 ]. An LR >1 is considered statistically significant. A sign with LR between 1 and 2 was scored as 1. Any sign with LR between 2 and 3 was scored as 2. Any LR >3 was scored as 3 [ Table 5 ].
The total score derived from adding up all the individual scores was 10. Severe injury was calculated to have a score >6 as the maximum score possible by adding up the two major signs with highest score 3 and two moderate signs with highest score 2 and any one minor sign is 6. A score between 4 and 6 was assigned to signify moderate injury and a score between 1 and 3 was assigned to signify mild injury. Based on severity, the plan of management differs [ Table 6 ]. 
dIscussIon
Road traffic accidents were responsible for 55% of blunt chest injuries. Accidental falls (low impact) accounted for 27.3% of the cases with assault and railway accidents responsible for the rest. Similar to other recent studies, [1] most of the patients in our study were between 21 and 40 years of age. The mortality in patients >50 years was 13.25% as against 9% in those below 50 years of age. Unlike most recent studies, this difference in mortality in our study was not statistically significant.
All patients had rib fractures, of which 77.6% (108 patients) were accompanied by pneumothorax 62.9% (68 patients) or hemothorax 31.48% (34 patients). Nearly 5.5% (6) patients were found to have a flail chest. One patient (0.9%) had a diaphragmatic injury. The study by Demirhan et al. found pneumothorax (28.8%), hemothorax (24.1%), flail chest (1.7%), and diaphragmatic injuries (1.8%).
[2] Similar results were also seen in other studies except with Sirmali et al., who found hemothorax was more commonly associated with rib fractures than pneumothorax. [3] [4] [5] [6] Almost 22.4% of the patients had isolated rib fractures. Twenty-six patients had 4 or more ribs fractured which significantly increased the mortality, 38.4% versus 8.5% in those with <4 ribs fractured (P = 0.002). Similar to findings of other studies, where mortality increased significantly if three or more ribs were fractured. [6] [7] [8] [9] The force of impact causing multiple fractures is great. It causes underlying pulmonary contusions and is associated with injury to other systems, increasing severity of injury and mortality. Other equally important parameters that contribute to mortality are advanced age and underlying lung disease. No patients in our study were found to have underlying lung disease. One reason for this may be that young patients (21-40) constituted the majority. Hence, perhaps, chronic lung disease was not yet established. The fewer older patients may fortuitously have escaped developing chronic lung disease. In our study, the mortality in the older age group was not significantly higher than the mortality in those below fifty (13.25% vs. 9%). Curtis et al. devised an early activation protocol based on age, underlying lung disease, more than three rib fractures, response to analgesia, and respiratory signs. This protocol helped reduce the incidence of pneumonia, need for ventilation, and mortality in isolated blunt chest injury. They also found low impact injury more common in older patients. [10] In an observational study, Maher and Jayathissa also found that patients in the older age group sustained injuries with low impact chest trauma and were more likely to develop complications. [11] This group also exhibited higher mortality. A study by battle devised and validated a prognostic score considering age, underlying lung disease, number of ribs fractured, and development of pneumonia during recovery. Our score is based purely on respiratory signs and the aim was not to miss any chest injury whatever be the grade of impact, irrespective of age, and preexisting lung disease.
Other systems that were concomitantly injured in patients with chest injuries were head injury, limb injuries, and abdominal injuries. The presence of head injury and a GCS ≤8 was associated with an increase in mortality in blunt chest trauma patients (P = 0.022). A study by Jovanovic et al. found that GCS was less reliable predictor of fatal outcome. It also found that patients with coexisting chest and head injury had a higher incidence of ventilator-associated pneumonia increasing the mortality. [12] Respiratory depression secondary to raised intracranial pressure worsens hypoxia and hypoxia worsens prognosis of head injury. Hence, the respiratory system and the neurological system fed off each other, worsening prognosis in trauma. Abdominal and limb injuries did not significantly increase mortality in chest trauma patients (P = 0.707). No cardiac, aortic, esophageal, or tracheobronchial injuries were found in our patients. Thoracic vertebral fracture with paraplegia was found in one patient and another had associated scapular fracture with chest injury.
Morbidity was studied in terms of the development of pneumonia, need for mechanical ventilation, and need for intensive care. The incidence of pneumonia was 17.2% (24), which was higher than the 3.2% and 3.5%, respectively, in studies by Demirhan et al. and Veysi et al. 22 .3% (31) of patients needed mechanical ventilation. Sixty-five percent of patients needed it due to the development of pneumonia. The patients that made up the remaining 35% were patients who had a flail segment 10% (3), GCS <8 due to head injury 20% (6), and postoperative patients 5% (2). 29.4% (41) patients needed intensive care. All patients who needed mechanical ventilation (31) were a subset of the group that needed intensive care (75.6%). The remaining 24.4% (10) were patients who had epidural catheters 70% (7) and were being watched for respiratory depression and patients with pneumonia who did not require mechanical ventilation 30% (3). Since pneumonia is a proven factor contributing to mortality in multiple past studies, this study focused on assessing its contribution to morbidity only.
Pain is an unavoidable but a modifiable factor contributing to morbidity. In this study, oral (12) , IV (102), and epidural analgesia (25) were used. The use of intercostal, pleural blocks was not seen in our study period. Since oral and IV analgesia is still the most commonly used method of pain relief, epidural analgesia was used if pain persisted despite the oral or IV analgesia. Epidural was also used preemptively in patients who had flail segments (3). Use of epidural analgesia brought down the number of days on ventilator by half and significantly reduced the incidence of pneumonia (8% vs. 26%). Studies by Wisner and Gage et al. have already established the advantages of epidural analgesia, but these were retrospective studies. [13, 14] A systematic review by Unsworth et al. found evidence that with three or more rib fractures, epidural analgesia provides more effective pain relief in comparison with other analgesic modalities. However, these studies were limited to patients >65 years. [15] Due to the observations in our study and as per the suggestions of Unsworth et al., a randomized trial is long overdue.
SpO 2 <80% at presentation was associated with a significant increase in mortality (P = 0.01). Associated neurological injury or hypovolemia may have contributed to or aggravated the hypoxia. A pulse >110 at presentation (P = 0.03) goes in favor of hemodynamic instability and hence hypoxia. A GCS ≤8 (P = 0.02) and head injury (P = 0.0001) were also statistically significant contributors to increased mortality as was the presence of four or more rib fractures (P = 0.002), ISS score >16 (P = 0.01), and need for mechanical ventilation (P = 0.01). ISS has stood the test of time in being able to predict mortality. Mortality when one system is affected is between 4% and 8%. This increases to 13%-15% when one more system is involved and 30%-40% when two more systems are involved. A potential limitation of this study was that while studying the predictors of mortality, the two groups into which patients were divided were not matched for injury severity. Parameters such as age and preexisting comorbid conditions were not matched.
Of these, factors amenable to modification are saturation, pulse, and a low GCS due to unstable hemodynamics. Özpek et al. found hemodynamic instability and need for transfusion to be reliable predictors of mortality in all trauma patients. [1] A low GCS due to underlying head injury cannot be modified except through the management of head injury.
The need for mechanical ventilation can be reduced as demonstrated by the use of epidural analgesia. Since the major indication for mechanical ventilation in our patients was pneumonia, it goes without saying that bringing down the incidence of pneumonia will also reduce mortality. Another important intervention that needs mention is the use of rib fixation techniques. Tanaka et al. and Granetzny et al. conducted RCTs describing the use of surgical rib fixation in multiple rib fractures and flail chest. These studies found a decrease in mechanical ventilation, intensive care stay, and incidence of pneumonia in the surgically treated group versus the conservatively managed group. [16, 17] Surgical fixation of fractured ribs is, however, not a part of the protocol at our institute at this time and hence was not seen in this study. The principle followed by our institute is that intercostal muscles are sufficient to make the fractured ends of ribs contact and heal spontaneously. Multiple rib fractures can cause acute respiratory failure, but positive ventilation can expand the lung adequately under due analgesic cover. The prostheses used for rib fixation are anterior locking plates, intramedullary nails or wires, anterior struts, and absorbable plates, but each has its own problems. The number of ribs fractured and severity of injury cannot be modified except by preventing or dampening primary impact. It was seen that in addition to the factors mentioned above, delayed diagnosis of chest injuries in blunt chest trauma was also contributing to morbidity and mortality. The incidence of missed injuries in blunt chest trauma patients was an unacceptable high 46% according to our audit. Severe chest injury is difficult to miss because the patient's condition is unstable enough to require immediate and undivided attention and care of the trauma unit. To salvage such a patient who is also generally hemodynamically unstable, intervention is needed before investigation. Intervention could be in the form of needle or tube thoracostomy or thoracotomy or intubation. Blunt chest injuries generally need the placement of a tube thoracostomy. [1] Higher investigations such as CT are done even if X-rays are positive because there is high suspicion of additional undiagnosed injury if patient is hemodynamically stable. A good example is aortic injury, which cannot be diagnosed by X-rays. It is patients with moderate and mild injury who have a higher incidence of missed injuries, as they do not draw immediate attention or because the injury is asymptomatic initially or there is confusion in interpreting respiratory signs, particularly percussion. This group includes but is not restricted to older patients with low impact trauma. We formulated a clinical score to help us decide if patients needed intervention first or further investigation like CT or observation alone after the mandatory chest X-ray [ Table 6 ]. Depending on whether or not there is improvement on initial management, the patient may need further investigation. Moderate injury would need further investigation by a CT scan regardless of chest X-ray finding. Mild injury does not need CT after X-rays. Such a patient may be observed and serially reevaluated [ Table 6 ]. It has also been demonstrated in studies that patients whose injuries are diagnosed only on CT have a better prognosis than those whose rib fractures are diagnosed on X-rays and this is particularly true when the injury is mild enough to be missed on X-rays. [18] In no patient should CT scans be used to replace clinical examination especially in patients with mild injuries. This will minimize radiation exposure in such patients.
Nejati et al. calculated sensitivity and specificity of respiratory signs, but they used them to decide if X-rays would be needed. [19] As of this day, no score similar to the one we have formulated exists so that may compare it to ours. CT chest is the gold standard for diagnosis now due to its high sensitivity and specificity for entire spectrum of blunt chest injuries. However, CT is possible only when the patient is hemodynamically stable. In addition to physical examination, the current recommended basic investigation is a chest X-ray. However, chest X-rays are known to miss 50% of rib fractures. [20] This is where CT is most useful. The indications for CT at present in blunt chest trauma are mechanism of injury, clinical deterioration, mediastinal widening, presence of flail segment, diaphragmatic injury, aortic injury, spine fractures, sternal fractures, and tracheobronchial injuries. [21] Most of these injuries need to be suspected clinically to order a CT, which is difficult for a surgeon in training. It remains to be seen if the clinical score we have devised will actually help reduce the morbidity and mortality by early diagnosis of moderate and mild injury through appropriate trials in larger number of patients. We also hope that it will give surgeons in training an objective method to decide intervention, investigation, or observation in a patient of blunt chest trauma regardless of age and preexisting lung disease.
The other advantages we foresee are optimal utilization of hospital resources and reduction in hospital stay. The clearance from our Institutional Ethics Committee for a randomized controlled study of the clinical score and cost-benefit analysis is pending approval as of this day. We hope to start the second phase as soon as it is approved.
